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ABSTRACT
We present a catalog of bulge, disk, and total stellar mass estimates for ∼660,000 galaxies in the Legacy
area of the Sloan Digital Sky Survey Data Release 7. These masses are based on a homogeneous catalog of g-
and r-band photometry described by Simard et al. (2011), which we extend here with bulge+disk and Se´rsic
profile photometric decompositions in the SDSS u, i, and z bands. We discuss the methodology used to derive
stellar masses from these data via fitting to broadband spectral energy distributions (SEDs), and show that the
typical statistical uncertainty on total, bulge, and disk stellar mass is ∼0.15 dex. Despite relatively small formal
uncertainties, we argue that SED modeling assumptions, including the choice of synthesis model, extinction
law, initial mass function, and details of stellar evolution likely contribute an additional 60% systematic un-
certainty in any mass estimate based on broadband SED fitting. We discuss several approaches for identifying
genuine bulge+disk systems based on both their statistical likelihood and an analysis of their one-dimensional
surface-brightness profiles, and include these metrics in the catalogs. Estimates of the total, bulge and disk
stellar masses for both normal and dust-free models and their uncertainties are made publicly available here.
Subject headings: galaxies: fundamental parameters – galaxies: statistics – galaxies: bulges
1. INTRODUCTION
Galaxies’ observable properties are closely tied to their stel-
lar mass, either directly, or indirectly through correlations
with their host environment (e.g. dark matter halo mass).
More massive galaxies are found to be on average redder (e.g
Blanton et al. 2003; Baldry et al. 2006), older (Proctor & San-
som 2002; Kauffmann et al. 2003b; Gallazzi et al. 2005), more
metal-rich (Tremonti et al. 2004; Gallazzi et al. 2005), more
strongly clustered (e.g. Beisbart & Kerscher 2000; Skibba
et al. 2006), and more likely to host active galactic nuclei (e.g.
Kauffmann et al. 2003c) than their less-massive counterparts.
Measuring a given galaxy’s stellar mass therefore provides a
snapshot of its evolutionary state. Unfortunately, this appar-
ent simplicity is betrayed by the complex combination of gas
accretion, merging, and star-formation events that govern the
buildup of stellar mass over cosmic time. Quantifying the
relative contribution of these processes to galaxies’ evolution
remains an as-yet unsolved problem.
It has been known for some time that the bimodal rela-
tionship between galaxies’ color and stellar mass (Strateva
et al. 2001; Baldry et al. 2004) is also reflected in the de-
tails of their physical structure: the population of blue galax-
ies is dominated by rotationally-supported disks, while red
galaxies are predominantly classified as spheroidal (e.g. Lin-
tott et al. 2008). Driver et al. (2006) suggest that the rela-
tionship between galaxy color (or, alternatively, star forma-
tion) and structure can be explained by the differing proper-
ties of bulges and disks. The observed galaxy bimodality is
then a direct result of mixing these two different components
throughout the galaxy population. From a theoretical stand-
point, these distinct structural components arise from different
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formation mechanisms: disks form as a result of angular mo-
mentum conservation when gas is accreted and cools in dark
matter halos (White & Rees 1978; Fall & Efstathiou 1980),
while spheroids are thought to form as a result of merger
events (Toomre & Toomre 1972; Negroponte & White 1983)
and internal (secular) processes (e.g. Kormendy & Illingworth
1982). Analyzing the structural properties of bulges and disks
therefore holds significant astrophysical interest, insomuch as
they encode the details of galaxies’ evolution.
Thanks to the ever-increasing scale of galaxy surveys and
improvements in computing capabilities, it has become possi-
ble to routinely analyze the morphological properties of tens
to hundreds of thousands of galaxies (e.g. Allen et al. 2006;
Benson et al. 2007; Simard et al. 2011; Lackner & Gunn 2012;
Barden et al. 2012; Kelvin et al. 2012). These large datasets
provide a framework within which to study the relative prop-
erties of galaxies as well as their structural sub-components,
and the means to undertake a statistical comparison between
observations and theory. Recently, Simard et al. (2011, here-
after S11) published a catalog of revised g- and r-band pho-
tometry for ∼1.12 million galaxies in the Sloan Digital Sky
Survey (SDSS) which acts as the jumping-off point for the de-
termination of stellar masses discussed here. The S11 catalog
contains two important updates relative to the standard SDSS
photometry that motivate the present work. First, in addition
to measuring galaxies’ total flux, S11 also model galaxies’
two-dimensional surface-brightness profiles as the sum of a
de Vaucouleurs bulge and exponential disk. For each galaxy
we therefore have an estimate of its bulge and disk size, po-
sition angle, inclination and ellipticity, as well as the global
bulge-to-total flux ratio. Second, S11 re-estimate the local sky
background and segmentation mask on a galaxy-by-galaxy
basis, providing improved photometric estimates for galaxies
in crowded environments, and in particular close pairs (e.g.
Patton et al. 2011).
In this paper we utilize an expanded version of the S11
photometric catalog which includes u-, i-, and z-band mea-
surements to estimate bulge, disk, and total stellar masses for
∼660,000 galaxies from the SDSS Legacy Survey. Our goal
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in this work is to describe the methodology used to derive
stellar masses from broadband photometry, as well as pro-
vide an assessment of the uncertainties associated with this
process that should be borne in mind with their use. To-
gether with the structural parameters presented by S11, this
catalog represents the largest currently-available database of
bulge and disk properties in the local Universe. The paper is
organized as follows. In Section 2 we describe the sample of
SDSS galaxies and their corresponding photometric data on
which our stellar mass estimates are based. In Section 3 we
discuss the construction of our Stellar Population Synthesis
(SPS) grid and outline the methods used to determine stel-
lar masses and their uncertainties. In Section 4 we provide
a brief discussion of the potential systematic uncertainties on
our mass estimates, including the choice of SPS model, initial
mass function, extinction law, and details of stellar evolution.
Finally, in Section 5 we discuss details of the catalog, and pro-
vide guidelines for identifying subsamples of bulges and disks
for subsequent study. For users primarily interested in under-
standing the overall reliability of the stellar masses presented
here we recommend skipping ahead to Section 4.
Throughout this paper we adopt a flat cosmology withΩΛ =
0.7, ΩM = 0.3 and H0 = 70 km s−1 Mpc−1. All magnitudes
are given in the AB system, and we quote luminosities in units
of L⊙, adopting AB magnitudes of the sun from Blanton &
Roweis (2007).
2. PHOTOMETRIC DATA
S11 present a catalog of photometric measurements for the
SDSS legacy survey Data Release 7 (DR7; Abazajian et al.
2009) based on a reprocessing of the SDSS images, which we
extend here with the addition of the u, i, and z bands. This
revised set of photometry forms the basis for our derivation
of galaxies’ bulge, disk, and total stellar masses. We review
the salient features of these data below, and refer the reader to
S11 for details of the reprocessing procedure.
The underlying data of S11’s photometry are the bias-
subtracted, flat-fielded images output by the SDSS frames
pipeline. Individual objects were identified in these images
using sextractor (Bertin & Arnouts 1996), and the resulting
segmentation image was used to identify and mask out neigh-
boring objects in the subsequent photometric measurements.
Local sky levels were then re-determined on an object-by-
object basis using a minimum of 20,000 sky pixels, excluding
pixels within 4.′′0 of any primary or neighboring object mask.
Photometric measurements were obtained from parametric
fits to galaxies’ two-dimensional surface-brightness distribu-
tions using the gim2d software package (Simard et al. 2002),
taking into account the object- and band-specific point spread
function (PSF). Fits to the u, g, i, and z bands were each per-
formed simultaneously with the r band by forcing structural
parameters (e.g. bulge and disk size, position angle, Se´rsic
index, etc.) to be the same in both bandpasses. Remaining
parameters—total flux, bulge-to-total flux ratio (B/T ), and
image registration relative to the model centroid—were fit in-
dependently in each bandpass. In the case of the u-, i-, and z-
band fits we fix the galaxy structural parameters (with the ex-
ception of Se´rsic index; see Appendix A) to the values derived
from the combined gr fits published by S11. This approach
provides a robust estimate of galaxies’ multi-band SED, al-
beit at the expense of flexibility offered by more sophisticated
wavelength-dependent models (Ha¨ußler et al. 2013; Vika et al.
2013).
In total, S11 provide structural decompositions for
Table 1
Summary of sample selection criteria
Selection criterion Galaxies remaining (removed)
Simard et al. (2011) sample 1,123,718
Spectroscopic sample 669,634 (454,084)
Successful ugriz decomposition 664,986 (4,648)
Quality control 659,372 (5,614)
Note. — Each line shows the remaining galaxies (number of
galaxies removed) after applying each of our different selection cri-
teria. See Section 2 for more details.
1,123,718 objects with extinction-corrected r-band Petrosian
magnitudes 14 < mr < 18. The bright-end magnitude limit is
adopted to avoid problematic deblending of luminous galax-
ies in the SDSS catalogs. Here we further restrict ourselves to
those objects which are spectroscopically classified as galax-
ies (specClass = 2) and satisfy the SDSS main galaxy sam-
ple selection criteria (mr ≤ 17.77; Strauss et al. 2002) over
a redshift range of 0.005 ≤ z ≤ 0.4. These criteria iden-
tify a subsample of 669,634 galaxies which are then passed to
gim2d. Profile fits failed to converge in one or more bands for
4,648 objects (∼0.7% of the sample), and these are necessar-
ily removed from the sample. We exclude an additional 5,614
galaxies whose gim2d-derived photometry is contaminated by
nearby bright stars or in poor agreement with the SDSS fiber
aperture magnitudes6 (see also the discussion by S11). Our fi-
nal sample contains 659,372 galaxies with updated ugriz pho-
tometry. These selection criteria are summarized in Table 1.
S11 describe three different models used in their fitting pro-
cedure: a single-component Se´rsic profile, a two-component
de Vaucouleurs bulge plus exponential disk, and a two-
component Se´rsic bulge plus exponential disk. In what fol-
lows we focus on the modelling of galaxies as either a single-
component Se´rsic profile or a de Vaucouleurs bulge plus expo-
nential disk, as the SDSS data are generally insufficient to pro-
vide good constraints on bulge light profiles when the shape
parameter n is left unconstrained (S11, see also Lackner &
Gunn 2012). The systematic uncertainties on total flux re-
covered by S11’s bulge+disk and Se´rsic decompositions have
been estimated using simulated galaxy data, and are .0.15
mag in most cases depending on the assumed ”true” galaxy
surface brightness profile. Individual bulge and disk fluxes
are accurate to within ∼0.3 mag in most cases, but become
poorly constrained at extreme values of B/T . See Appendix
B for a more in depth discussion of photometric uncertainties
in the S11 catalogs.
3. STELLAR MASS ESTIMATES
Our general approach to estimating stellar mass involves the
comparison of each galaxy’s observed SED to a library of syn-
thetic stellar populations. This library is constructed so that
models span a range of ages, metallicities, star-formation his-
tories, and dust properties observed in nearby galaxies. The
relevant parameters of our SPS grid are summarized in Table
2. The basic mechanics of this SED fitting procedure have
been outlined by numerous authors (e.g. Brinchmann & Ellis
2000; Kauffmann et al. 2003a; Bundy et al. 2006; Salim et al.
2007; Taylor et al. 2011; Swindle et al. 2011; Sawicki 2012),
and are described in detail below.
6 Specifically, we require that the g− r color in a 3′′ aperture derived from
the best-fit, PSF-convolved gim2dmodel is within ±0.2 mag of the fiber color
reported by the SDSS.
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Figure 1. Evolution of g−r color as a function of redshift for red sequence
galaxies (shading). Lines show the predicted color evolution for two different
stellar populations, one with a single Z = 1.5Z⊙ population (dashed line) and
another that includes 5% by mass in metal poor stars (Z = 0.01Z⊙; solid line).
Both populations have τ = 0.1 Gyr, and are normalized to an age of 12.0 Gyr
at z = 0. The inclusion of a metal-poor subcomponent provides a much better
description for the upper envelope of the observed galaxy population, and is
adopted as our fiducial model for estimates of stellar mass (see Section 3.1
for details).
3.1. Stellar population synthesis
The basis for our SPS model grid is the Flexible Stellar
Population Synthesis (FSPS) code of Conroy et al. (2009)7,
which allows us to generate synthetic SEDs given a range of
galaxy properties. All models are constructed using Padova
isochrones (Girardi et al. 2000; Marigo & Girardi 2007;
Marigo et al. 2008) and the BaSeL3.1 theoretical stellar li-
brary (Lejeune et al. 1997, 1998; Westera et al. 2002). We
adopt a form for the stellar initial mass function (IMF) from
Chabrier (2003) with lower and upper integration limits of
0.08 and 120 M⊙. We refer the reader to Conroy et al. (2009)
for details of the FSPS model construction, as well as subse-
quent papers (Conroy et al. 2010; Conroy & Gunn 2010) that
describe the calibration of FSPS models with observational
data.
We generate a suite of models with smoothly-declining star-
formation histories characterized by an e-folding timescale, τ,
such that the time-dependent star-formation rate ψ⋆(t) is given
by ψ⋆ (t) ∝ τ−1 exp (−t/τ). We follow Taylor et al. (2011) in
sampling τ on a semi-uniform grid where log(τ/yr) spans the
range 8–9 in steps of 0.2 dex, and from 9.1–10 in steps of 0.1
dex. Stellar metallicities cover the range −1.8 ≤ log (Z/Z⊙) ≤
0.2 in steps of 0.2 dex. We include internal attenuation by dust
using the extinction law of Calzetti et al. (2000) with E(B−V)
sampled uniformly over the range 0 ≤ E(B−V) ≤ 1 (i.e. a
range of V-band optical depth of 0 ≤ τV ≤ 2.855) in steps
of 0.05 mag. Finally, population ages are sampled uniformly
with 8 ≤ log (t/yr) ≤ 10.1 in steps of 0.05 dex. The full SPS
grid therefore contains 158,928 individual sets of synthetic
ugriz photometry. These properties are summarized in Table
2. We also perform a set of fits where we remove dust as
a free parameter and instead fix E(B−V) = 0. We discuss a
comparison of dusty and dust-free models in Section 3.5.
There is a well-documented discrepancy between the ob-
served colors of red galaxies and the predicted colors of old,
metal rich populations in SPS models such that synthetic g−r
7 available at http://www.ucolick.org/˜cconroy/FSPS.html
Table 2
SPS Grid Parameters
Parameter Description Range of values
τ e-folding time 8 ≤ log(τ/yr) ≤ 10 in 16 steps
Z stellar metallicity −1.8 ≤ log(Z/Z⊙) ≤ 0.2 in 11 steps
E(B−V) color excess 0 ≤ E(B−V) ≤ 1 in 21 steps
t population age 8 ≤ log(t/yr) ≤ 10.1 in 43 steps
IMF stellar IMF Chabrier 2003
k(λ) extinction law Calzetti et al. 2000
Note. — Metallicities are computed adopting Z⊙ = 0.019. See Sec-
tion 3.1 for details of the SPS grid construction.
photometry is ∼0.1 mag redder than is observed (e.g. Eisen-
stein et al. 2001; Maraston et al. 2009; Conroy et al. 2010).
This is illustrated in Figure 1, where we plot apparent g− r
color as a function of redshift for red galaxies in the SDSS.
When compared to the predicted color evolution of a dust-
free, metal-rich single stellar population (dashed line in Fig-
ure 1), there is a clear tendency for the models to be redder
than observations by 0.05 to 0.1 mag.
Barring changes in our general picture of stellar evolution,
rectifying the predicted colors from SPS models with obser-
vational data requires including a minority population of hot,
blue stars. These can come in a variety of forms, either as
a distinct evolutionary phase (e.g. blue straggler and/or blue
horizontal branch stars) or as a more complex stellar popula-
tion (e.g an α-rich or metal-poor subcomponent). As an exam-
ple, the solid line in Figure 1 shows the predicted color evolu-
tion of a stellar population that includes 5% by mass in metal-
poor stars with log(Z/Z⊙) = −1.98. The net effect of including
this metal-poor sub-component is relatively minor in terms of
the derived mass-to-light ratio (M/L)—masses are on average
0.02 dex lighter relative to a simple single-metallicity pop-
ulation; however, it improves the overall agreement between
observed and synthetic ugriz SEDs (see also the discussion by
Conroy & Gunn 2010). While arguments following chemical
evolution support the incorporation of metal-poor stars into
SPS models (e.g. Pagel & Patchett 1975) they are not the only
solution to the problem highlighted by Figure 1. Instead it
is likely that a combination of variables contribute to the ob-
served offset between SPS models and data, and it is beyond
the scope of the present work to investigate this issue in more
detail. Nevertheless, given the improved agreement between
the observed and synthetic SEDs when incorporating even a
small component metal-poor stars we choose to include such
a subpopulation in our fiducial SPS model. We stress that the
exact properties of the included metal-poor sub-component
(in terms of mass fraction and metallicity) are not unique.
Finally, in contrast to the widely-used stellar mass cat-
alogs produced by the MPA-JHU group (Kauffmann et al.
2003a; Salim et al. 2007), our SPS grid does not include
bursty star-formation histories. With the exception of recent
starbursts, the majority of local galaxies’ SEDs are well fit
by single component τ models due to the smooth evolution
of SED properties with population age. More importantly,
properly accounting for bursty star-formation histories is non-
trivial. Such galaxies are not easily identified using photom-
etry alone, and the ability to recover reliable M/L estimates
depends on the relative frequency with which bursts are in-
corporated into the underlying SPS library. Gallazzi & Bell
(2009) show that including too large a fraction of bursty SPS
models can lead to a systematic underestimate of M/L by up to
0.1 dex for galaxies whose star-formation histories are gener-
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Figure 2. Contours of uncertainty versus stellar mass for total, bulge and disk components. In each panel we quote the median (statistical) uncertainty on the
derived stellar mass.
ally smooth, while fitting bursty galaxies with smooth models
may overestimate their M/L by up to 0.2 dex. Our decision
to exclude bursts is therefore predicated on obtaining robust
mass estimates for the majority of (smoothly evolving) galax-
ies. Conversely, for the minority population of bursty galaxies
(<10%; Kauffmann et al. 2003a), we may overestimate stellar
masses by a factor of 2 or more, and systematically underes-
timate their uncertainties (see also Walcher et al. 2011).
3.2. SED fitting
For each photometric object—galaxy, disk, or bulge—our
goal is to determine the set of fundamental parameters that
most accurately describe its underlying stellar population. It
is through this determination that we ultimately derive esti-
mates of stellar mass. We have chosen to approach this task
via Bayes’ Theorem, which allows us to compute the condi-
tional probability for a set of model parameters, θ, given the
observational data as
p(θ|Fobs) ∝ p(Fobs|θ)p(θ). (1)
In the above, p(Fobs|θ) is the likelihood of observing a set of
fluxes, Fobs, given θ, and p(θ) is the prior probability of ob-
serving θ before considering the observations. In general θ
specifies a vector, in this case the defining parameters of our
SPS grid—i.e. τ, Z, E(B−V), and t. One benefit of adopting a
Bayesian approach to SED fitting is that our output, p(θ|Fobs),
reflects the full posterior probability density function (PDF),
incorporating uncertainties on individual parameters of the
SPS grid in our final estimates of stellar mass.
In the case where an object is detected in all bands, the
likelihood function for model i is defined as p(Fobs|θi) ∝
exp(−χ2i /2), where χ2i is given by
χ2i =
∑
X
(
Fobs,X − AiFmodi ,X
σ
(
Fobs,X
)
)2
. (2)
Here the summation is over the photometric passbands, i.e.
X = (u, g, r, i, z). Fobs,X and Fmodi ,X are the observed and
model fluxes through passband X respectively, and σ(Fobs,X)
is the uncertainty on Fobs,X . The normalization factor Ai ac-
counts for the scaling between the model SED (which is nor-
malized to a time-integrated mass of 1 M⊙) and the observa-
tional data, and can be computed analytically by taking the
derivative of Equation 2 with respect to Ai.
While galaxies are always detected in all 5 bands, in some
cases bulges and disks may be undetected in one or more pho-
tometric passbands, for example when B/T = 0 or 1. In or-
der to incorporate information from these non-detections in
our SED fits we modify Equation 2 following Sawicki (2012)
such that
χ2i =
∑
X
(
Fobs,X − AiFmodi,X
σ
(
Fobs,X
)
)2
− 2
∑
Y
ln
∫ Flim,Y
−∞
exp
−12
(
F − AiFmodi ,Y
σ
(
Fobs,Y
)
)2 dF, (3)
where the first term is now the sum over detected passbands
and the second term accounts for the probability of a non-
detection given the band-specific flux limit, Flim,Y, and model
flux. Note that in the case where an object is detected in
all passbands Equation 3 reduces to the standard χ2 form of
Equation 2. There is no simple analytic solution for Ai when
incorporating non-detections into the likelihood function, so
we instead solve for the normalization numerically.
3.2.1. Priors
There are two sets of prior assumptions that enter in to our
SED fitting methodology. The first are implicit, and con-
tribute through choices made in constructing our SPS model
grid. These priors encompass our assumptions regarding the
stellar initial mass function and extinction law, the range
of observable ages, metallicities, and dust attenuations, as
well as our assumption that the majority of galaxies are well
described by smooth, exponentially declining star-formation
histories.
The second set of priors reflect our assumptions about the
distribution of θ—that is, how “true” stellar populations are
likely to populate the parameter space defined by t, τ, Z, and
E(B−V)—and must be explicitly defined before we can com-
pute the posterior PDF. Here we choose to remain relatively
agnostic to the distribution of stellar parameters by adopting
priors that are uniform in t, log τ, log(Z/Z⊙), and E(B−V).
In some cases the photometric data are insufficient to con-
straint the properties of the underlying stellar population, par-
ticularly E(B−V), when fitting for the bulge and disk stellar
masses. We therefore adopt the posterior PDF for E(B−V)
from fits to the total photometry as a prior on E(B−V) in the
bulge and disk fits. In most cases the differences between us-
ing this empirical prior for the bulge and disk fits results in
only minor changes relative to a uniform dust prior.
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Figure 3. Comparison of stellar mass derived from the bulge+disk and Se´rsic photometric catalogs described in Section 2. In the left panel we plot the comparison
of total masses derived from the bulge+disk and Se´rsic fits. The solid line shows the median offset, while the dashed lines show ±1 sigma percentiles. In the right
panel we show a comparisons of the total mass derived from the bulge+disk fits, MB+D, and the sum of the (independently determined) bulge and disk masses,
MB + MD. Solid and dashed lines again show the median and ±1 sigma percentiles of the distribution.
3.3. Deriving stellar mass
For each set of Fobs and θi the most likely stellar mass is
given by AiMmodi ,⋆ with probability p(θi|Fobs)8, where Mmodi,⋆
is the normalized stellar mass for model i. For each galaxy
or structural component, the stellar mass posterior PDF is ob-
tained through the application of Equation 2 or 3 at each point
in our synthetic photometric grid, and is completely specified
for a given set of ugriz fluxes and their associated uncertain-
ties.
Uncertainties on the observed fluxes reflect a combination
of the statistical uncertainties on the model parameters, output
by gim2d, and the r.m.s. noise in the sky background, which
we estimate using the statistics in each SDSS imaging field.
We include an additional uncertainty of 3% in griz and 5%
in u to account for both the relative and absolute SDSS pho-
tometric calibration. In most cases the photometric calibra-
tion and sky background both contribute significantly to the
overall uncertainty, with the exception of the u and z bands
where the background dominates. In Appendix B we present
an analysis of the uncertainties on the S11 photometry based
on Monte Carlo simulations. We have verified that uncer-
tainties estimated based on the gim2d and image field statis-
tics (described above) are consistent with those derived from
the model galaxies presented in Appendix B; we preferen-
tially use the former as they are independent of the specific
form of the galaxy surface brightness profile (i.e. Se´rsic or
bulge+disk) used to generate the synthetic galaxies described
in Appendix B.
Final estimates of stellar mass are taken as the median of
the AMmod,⋆ distribution, weighted by p(θ|Fobs). We account
for foreground (Galactic) extinction using the Schlegel et al.
(1998) dust maps, and apply this correction directly to the
FSPS photometry on a galaxy-by-galaxy basis. We have not
corrected for the contribution of emission lines to the ob-
served broadband flux measurements, however for the ma-
jority of galaxies their contribution is negligible. We quote
uncertainties as the ±1 sigma percentiles of the marginalized
posterior PDF. Note that we fit the total, bulge, and disk pho-
tometry independently, and therefore it is not necessarily true
that the total, bulge, and disk masses—MB+D, MB, and MD,
8 Subject to the constraint that ∫ p(θ|Fobs)dθ ≡ 1, i.e. that our model grid
encompasses the full parameter space of galaxy properties.
respectively—are consistent (i.e., we don’t explicitly impose
that MB + MD = MB+D). Nevertheless, in 91% of galaxies
MB+D and MB + MD differ by less than their 1σ uncertainties.
This comparison will be discussed further in Section 3.4.
The median (statistical) uncertainties of the total, bulge and
disk stellar masses are ∼0.13, 0.14 and 0.15 dex, respectively.
Uncertainties on the total mass derived from bulge+disk or
Se´rsic photometric models are similar. In Figure 2 we show
the distribution for these three components as a function of
derived stellar mass to give a sense of their behavior.
3.4. Se´rsic vs. bulge+disk models
In Figure 3 we show a comparison of masses derived from
the bulge+disk and Se´rsic photometry. In the left hand panel,
we plot the difference in total mass from the bulge+disk and
Se´rsic fits as a function of stellar mass derived from the Se´rsic
photometry. At masses below log(M/M⊙) = 10 the two esti-
mates are remarkably similar, with a median offset of 0.02
dex. On the other hand, at log(M/M⊙) > 10 the masses de-
rived from Se´rsic photometry are generally larger than those
from the bulge+disk fits by up to 0.2 dex. This is consis-
tent with the generally higher luminosities measured using
Se´rsic profiles relative to other parametric or curve-of-growth
approaches (see, e.g. Bernardi et al. 2012, 2013). The sim-
ulations discussed in Appendix B suggest that the tendency
for Se´rsic profiles to recover higher luminosities is actually
a combination of two different effects: the known correla-
tion between Se´rsic index and stellar mass (e.g. Graham &
Guzma´n 2003), and the tendency for our bulge+disk mod-
els to systematically underestimate the luminosity of galaxies
with n > 5 (Appendix B).
In the right hand panel of Figure 3 we plot the difference
between the mass derived from the total bulge+disk photom-
etry, MB+D, and the sum of the independently derived bulge
and disk masses, MB + MD, as a function of the r-band bulge
fraction, (B/T )r. This provides an indicator of the internal
consistency of the bulge+disk stellar masses. At (B/T )r & 0.4
the sum of the bulge and disk masses typically agree to within
10% of the mass derived from the total galaxy photometry,
where MB + MD is generally heavier. This systematic offset
can be traced back to the larger photometric uncertainties for
the individual structural components.
The comparison at low (B/T )r is somewhat more unset-
tling: while the median offset stays relatively unchanged, in
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Figure 4. Comparison of stellar mass derived from the default “dusty” fits
and the dust-free fits described in Section 3.5. We show the offset in mass
for each of the separate sets of photometry: bulge+disk (top left), Se´rsic
(top right), bulge (bottom left), and disk (bottom right). Vertical dotted lines
indicate no offset.
some cases MB + MD exceeds MB+D by more than a factor
of 2. The behavior of MB + MD at low (B/T )r is driven by
∼10% of the total sample where the bulge masses are signif-
icantly overestimated. Many of these “problem” bulges have
extremely red colors (their median g− r color is ∼1.4) and, in
some cases, relatively large photometric uncertainties. As a
result, the posterior PDFs for these galaxies are dominated by
families of heavily extincted models despite our use of a prior
on E(B−V) for the bulge and disk fits. The resulting bulge
mass fractions for these systems are physically unreasonable
given their typical photometric B/T in the i and z bands of
∼25%, and they should be approached with extreme caution.
In general, the comparison of the MB+D and MB + MD can be
used as an indicator of the internal consistency of the bulge
and disk photometry and mass estimates, and provides a use-
ful diagnostic for identifying robust subsamples of the data.
We will discuss this point further in Section 5.
3.5. Dusty vs. dust-free models
Noisy or spurious photometric data can lead to unpre-
dictable results when fitting broadband SEDs, and the com-
bination of significant photometric uncertainties and degen-
eracy between dust extinction and stellar age can result in
anomalously high stellar mass estimates (e.g. Pforr et al.
2012). In the particular case of extremely red objects, such
as those discussed in the previous Section, masses can be
significantly overestimated when using the full SPS grid due
to the abundance of extincted models. Therefore, we have
produced an additional set of bulge+disk and Se´rsic stellar
mass estimates in which E(B−V) has been set to zero. These
“dust-free” models are useful in instances where very uncer-
tain and/or bad photometry result in spurious estimates of the
stellar mass, particularly for bulges and disks.
In Figure 4 we show a comparison of the dusty and dust-
free models for each of the photometric components. In each
case we plot the mass derived from the dust-free model minus
the mass derived based on the full SPS grid. In terms of the
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Figure 5. Comparison of MB+D and MB + MD for the dust-free fits describe
in Section 3.5. The solid and dashed lines show the median offset and ±1
sigma percentiles.
total photometry, fixing E(B−V) = 0 results in a relatively mi-
nor systematic shift in the stellar masses of ∼0.04 dex when
using either the bulge+disk or Se´rsic photometry. In both in-
stances there is a tail of galaxies whose masses are up to 0.2
dex higher in the dust-free fits. This tail is populated primarily
by relatively red star-forming galaxies—that is, they populate
the red side of the blue cloud in the color vs. stellar mass
plane. In general terms, removing dust as a free parameter
makes blue galaxies heavier by ∼0.1 dex, while red galaxies
get lighter by ∼0.03 dex.
Turning to the individual sub-components, we find no evi-
dence for a systematic offset in bulge stellar mass when dust is
excluded for most galaxies; this confirms our expectation that
spheroids contain relatively little dust. However, there is a tail
of the bulge population whose masses are significantly higher
when dust is included as a free parameter. These are the par-
ticularly red, low B/T systems highlighted in the comparison
of MB+D and MB + MD discussed in Section 3.4. In Figure 5
we show the comparison between MB+D and MB + MD as a
function of (B/T )r, analogous to the right-hand panel of Fig-
ure 3, for the dust-free masses. Contrary to the comparison
in Figure 3, the dust-free fits remain relatively well behaved
even at low B/T , and likely provide a more robust estimate of
the bulge mass in these systems. The behavior of disks in the
dusty vs. dust-free fits is similar to that of the total photome-
try: the reddest disks get slightly lighter in the dust-free fits,
while star-forming disks get slightly heavier.
3.6. Comparison to the MPA-JHU stellar masses
The MPA-JHU group provide a catalog of stellar masses
which have been widely used in analyses of the SDSS9
(Kauffmann et al. 2003a; Brinchmann et al. 2004; Salim et al.
2007). These data therefore provide a well-tested reference
point for the mass estimates presented here. It is important to
note that there are two effects at play in these comparisons:
the first reflects differences between the SDSS- and gim2d-
derived photometry, which are discussed extensively in S11,
while the second relates to differences expected as a result
of variations in the underlying SPS models. Masses derived
in the MPA-JHU catalogs for DR7 are based on SED fits to
the SDSS model magnitudes, which are estimated from para-
metric fits to the observed surface-brightness profile. In each
case, galaxies are fitted separately with exponential and de
9 available at http://www.mpa-garching.mpg.de/SDSS/DR7/
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dashed lines show the 16th and 84th percentile values of the distribution. In the right panels we show a similar comparison between total mass and M/L, this time
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profile (dot-dashed blue lines) according to the SDSS pipeline. The shaded histograms in the bottom panels show the relative distribution of galaxies in either
stellar mass (left) or fracDeV (right).
Vaucouleurs profiles, and the relative likelihood of these fits
is used to determine which profile provides the most appro-
priate description of the data. The final model magnitudes are
derived by integrating the best-fit (de Vaucouleurs or expo-
nential) profile out to large radii. The underlying SPS mod-
els are computed using the galaxev code (Bruzual & Charlot
2003) and a Monte Carlo approach to construct a large suite
of templates with varying star-formation histories, formation
times, and metallicities. As discussed in Section 3.1, one of
the most significant structural differences between the MPA-
JHU SPS library and our own is their inclusion of bursts at
late times, which results in relatively small differences in the
derived stellar mass for most galaxies. It is beyond the scope
of the present work to address the effects of this difference in
detail, and we refer the reader to Gallazzi & Bell (2009) and
Walcher et al. (2011) for a more extensive discussion of this
issue.
In the left panels of Figure 6 we plot the median difference
in total stellar mass (top panel) and M/L (bottom panel) be-
tween the MPA-JHU mass estimates and our own as a func-
tion of stellar mass from the bulge+disk profile fits. We find
that masses computed using gim2d photometry and FSPS are
∼0.02 dex heavier on average than the MPA-JHU mass esti-
mates, with slightly larger deviations for low-mass galaxies.
Comparing the top and bottom panels, we see that the offset
in total mass generally exceeds that of M/L, which is a con-
sequence of the higher average flux derived by S11 relative
to the SDSS model magnitudes. At low masses, offsets in
total mass are almost entirely accounted for by variation in
M/L, suggesting that the underlying models may play a more
important role in star-forming galaxies. As discussed in Sec-
tion 3.1, application of smoothly-evolving models—such as
those used here—to bursty systems can lead to a systematic
overestimate of their M/L. The increased M/L relative to the
MPA-JHU catalog may therefore reflect a combination of dif-
ferences in the two models grids and the increasingly stochas-
tic nature of star-formation in low-mass galaxies; however,
we see no evidence that this results in a significant offset in
the derived M/L on average. The comparison discussed above
is qualitatively similar if we use masses determined from the
Se´rsic photometry, which are on average ∼0.08 dex heavier
than the MPA-JHU masses. At high mass the Se´rsic-profile
based masses deviate more significantly from the MPA-JHU
masses, and are up to 0.2 dex heavier at log(M/M⊙) = 12.
This same behavior is shown in Figure 3 in comparison to the
bulge+disk masses.
The discussion above is focused primarily on galaxy prop-
erties (mass or M/L) as a function of their stellar mass; how-
ever, we have largely neglected details of the photometric
measurements that can significantly affect the recovery of
galaxies’ stellar mass. For example, both S11 and Taylor et al.
(2011) have shown that the SDSS model magnitudes have a
tendency to bifurcate for galaxies with intermediate structural
properties (i.e. 0.25 < B/T < 0.6 or 1.5 < n < 3), resulting in
a spurious bimodality in the derived photometry for such sys-
tems. This structural dependence can manifest itself as a sys-
tematic shift in the derived stellar masses of objects that host
both bulges and disks (e.g Taylor et al. 2011). In the right
panels of Figure 6 we investigate this structural dependence
explicitly in our data by comparing stellar mass and M/L as a
function of fracDeV, the fraction of light contained within the
de Vaucouleurs component fit by the SDSS photo pipeline. In
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Figure 7. Predicted M/L relative to FSPS for the BC03 and M05 SPS models
described in Section 4.1. In all cases we plot the change in M/L as either
BC03 or M05 minus the FSPS value.
both the top and bottom panels, the median offsets for galax-
ies with model magnitudes derived from the de Vaucouleurs
(exponential) fits are shown by the solid (dot-dashed) lines.
Here we can see that galaxies with intermediate fracDeV can
have their masses over- or underestimated by ∼0.2 dex, but
that there is good agreement between M/L estimates for any
given fracDeV. The disagreement between the masses pre-
sented here and those in the MPA-JHU catalog at interme-
diate fracDeV is primarily due to fitting a single, fixed profile
(de Vaucouleurs or exponential) as opposed to something that
can better accommodate complex structure; any differences
between the SED fitting procedures appear to be small once
an appropriate model is fit to the galaxy light profile. Looking
at it another way, there is relatively good agreement between
the model and gim2d colors, but the total fluxes can vary sig-
nificantly depending on galaxies’ underlying structure.
4. SYSTEMATIC UNCERTAINTIES
In Sections 2, 3, and Appendix B we have already discussed
some of the potential uncertainties present in the photometric
catalogs on which our mass estimates are based. We now at-
tempt a more direct discussion of uncertainties in the SED
fitting procedure itself. Our goal in this Section is to provide
would-be users with a sense of the uncertainties present in our
stellar mass estimates and, in fact, many mass estimates based
on broadband SEDs. We have chosen to order this discus-
sion in a top down fashion, starting with the most significant
sources of uncertainty and working down towards the finer
details.
4.1. The choice of SPS code
There are usually multiple ways to approach any problem,
and stellar population synthesis is no exception. While we
have chosen to use FSPS as the fiducial model in our mass
estimates, there are many other SPS models based on a va-
riety of stellar evolutionary tracks and spectral libraries that
could have been used to the same end (e.g. Fioc & Rocca-
Volmerange 1997; Leitherer et al. 1999; Bruzual & Charlot
2003; Maraston 2005; Vazdekis et al. 2012). It is therefore
crucial to understand the level at which these different models
produce consistent predictions, and the extent to which (and
where) they disagree.
In Figure 7 we show the variation in ugriz M/Ls relative
to FSPS as a function of population age for two different
SPS models: Bruzual & Charlot (2003, top panel, hereafter
BC03) and Maraston (2005, bottom panel, hereafter M05).
In all cases we show the results for a dust-free single stel-
lar population with solar metallicity. M/L values from the
BC03 models are computed using a Chabrier (2003) IMF,
and so are directly comparable to the FSPS models. M05
models are based on a Kroupa (2001) IMF, which we con-
vert to Chabrier (2003) using an offset of 0.05 dex (Section
4.2; Bernardi et al. 2010). The BC03 models are based on an
earlier version of the Padova isochrones than FSPS (Girardi
et al. 1996), and the luminosity at all phases of stellar evolu-
tion is computed via an isochrone synthesis technique. M05
models are based on isochrones and evolutionary tracks from
Cassisi et al. (1997), and use a similar approach to BC03 and
FSPS to compute the luminosity of stars up to the main se-
quence turnoff. For evolved stars (post-main sequence), M05
compute luminosities via fuel consumption theory rather than
isochrone synthesis. The most significant difference between
the M05 and BC03 or FSPS models is that the luminosity of
thermal-pulsing AGB (tp-AGB) stars derived from fuel con-
sumption theory is higher relative to other calculations.
On average the M/Ls predicted by FSPS are higher by 0.04–
0.1 dex (10-25%)—that is, the models have a higher stellar
mass per unit luminosity—relative to either the BC03 or M05
models. This systematic offset notwithstanding, the FSPS and
BC03 models agree reasonably well at all wavelengths with a
typical spread of 0.04-0.06 dex that increases slightly towards
old ages.
The comparison with M05 models is less favorable; how-
ever, if we restrict the comparison to relatively old ages (& 2
Gyrs) then the scatter is generally less than 0.1 dex. At ages
less than 1 Gyr there is significant spread in the relative M/L
depending on wavelength: there is relatively good agreement
between the u- and g-band M/Ls, while the i- and z-band M/Ls
are up to 0.2 dex lower in M05 relative to FSPS. This decrease
in M/L can be traced to the increased luminosity of tp-AGB
stars in the M05 models relative either FSPS or BC03, which
contribute significantly in the near-IR. We will discuss the in-
fluence of tp-AGB stars more thoroughly in Section 4.3, and
here simply note that they represent a significant uncertainty
in the determination of stellar masses. In both comparisons,
the feature at ∼1 Gyr is due to differences in the onset of core
helium burning in the stellar evolutionary tracks used by the
different models.
The above comparison points to an inherent (and unavoid-
able!) uncertainty in any stellar mass estimates based on
broadband photometry of 0.1-0.2 dex, depending on the prop-
erties of the underlying stellar population. This is in relatively
good agreement with the results of previous studies which
have addressed the differences between various SPS models
(e.g. Bell & de Jong 2001; Maraston 2005; Marchesini et al.
2009; Ilbert et al. 2010; Swindle et al. 2011).
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4.2. The IMF and extinction law
Among the assumptions that go into the construction of our
SPS grid, changes in the stellar IMF and extinction law can
lead to significant systematic shifts in galaxies’ derived stellar
mass, and are therefore worth a moment of discussion.
In addition to the relatively large uncertainty on the slope
of the IMF locally (Kroupa 2001), over the past several years
there has been mounting evidence for systematic variation of
the stellar IMF as a function of galaxy properties (e.g. Cenarro
et al. 2003; Hoversten & Glazebrook 2008; van Dokkum &
Conroy 2010; Gunawardhana et al. 2011; Dutton et al. 2012).
While the exact form of this variation is still poorly under-
stood, it seems that some variability in either or both the
high and low mass IMF slope should be considered when dis-
cussing the overall influence of IMF uncertainties on our final
mass catalog.
Changes in the IMF slope at M⊙ . 1 can be approximated
by a simple offset in M/L (or stellar mass) for all galaxies, as
low-mass stars contribute relatively little to galaxies’ overall
luminosity. Of the IMFs most frequently adopted in the liter-
ature, those of Salpeter (1955), Kroupa (2001), and Chabrier
(2003) have similar logarithmic slopes at high mass, and can
therefore be transformed in this fashion. Roughly speaking,
masses derived using a Salpeter (1955) or Kroupa (2001) IMF
are 0.25 and 0.05 dex heavier than those estimated assuming
a Chabrier (2003) IMF. On the other hand, changing the slope
of the IMF at M⊙ & 1 has a significant impact on the rate
at which the luminosity of a stellar population evolves (Tins-
ley 1980). Therefore, unlike changing the IMF for low-mass
stars, changing the slope of the IMF at high mass results in
changes in M/L which depend on the (luminosity-weighted)
age of the stellar population. To place this in the context of our
mass estimates, adopting a power-law IMF slope of x = 1.0
for M⊙ > 1 (in units where a Chabrier 2003 IMF has x = 1.3)
leads to an increase in the M/L of red galaxies of ∼0.1 dex, but
relatively little change in the M/L of blue galaxies. Similarly,
adopting x = 1.6 leads to no change in M/L for red galaxies,
but a 0.05 dex increase for blue galaxies.
We showed in Section 3.5 that removing E(B−V) as a free
parameter can lead to significant changes in the derived mass,
particularly when models are poorly constrained by the photo-
metric data. Even when considering dust properties as a vari-
able, the particular choice of extinction law can have a signifi-
cant effect on the derived masses. In constructing our fiducial
grid we have used the Calzetti et al. (2000) extinction curve,
however empirical attenuation laws based on the Milky Way
(MW; e.g., Cardelli et al. 1989) and Small Magellanic Cloud
(SMC; e.g., Pei 1992), as well as single- or multi-component
power-law curves (e.g. Charlot & Fall 2000) are also common
in the literature. Changing among the Calzetti et al. (2000),
MW, and SMC extinction curves leads to variations in total
mass of 0.1 to 0.2 dex depending on the wavelengths used
in the SED fitting procedure (e.g. Marchesini et al. 2009; Il-
bert et al. 2010; Swindle et al. 2011; Pforr et al. 2012); differ-
ences are typically largest when incorporating data which ex-
tend into the far-UV. The dust model of Charlot & Fall (2000)
includes additional attenuation for young objects to allow for
the effects of stars embedded in HII regions, and can lead to
even more significant variation for particular subsamples of
(primarily young) galaxies (e.g. Ilbert et al. 2010; Swindle
et al. 2011). At optical wavelengths, however, variations in
the extinction law lead to uncertainties of ∼0.15 dex.
4.3. Uncertainties in stellar evolution
We now turn to a consideration of systematic effects as a
result of uncertain phases of stellar evolution, focusing pri-
marily on the contributions of blue horizontal branch (BHB),
blue straggler (BS), and thermally-pulsing asymptotic giant
branch (tp-AGB) stars.
In the context of FSPS, variations in horizontal branch (HB)
morphology are parameterized by the fraction of HB stars
bluer than the red clump. These stars are assumed to uni-
formly populate the horizontal branch between the tempera-
ture of the red clump and 10,000 K. We adopt two values for
the fraction of blue HB stars, fBHB, of 0 and 20%, which en-
compass the abundance of very blue stars necessary to explain
the UV upturn in elliptical galaxies (Dorman et al. 1995). We
note that our fiducial model includes a 5% contribution by
mass in metal poor stars ([Z/H] ≈ −2), and therefore a mini-
mum 5% contribution of BHB stars might be more appropri-
ate; however, in order to facilitate comparison with previous
SPS models which do not consider contributions from BHB
stars (e.g. Bruzual & Charlot 2003) we have elected to adopt a
minimum model with fBHB = 0. BS stars are defined in terms
of the specific frequency relative to HB stars, S BS, and popu-
late a parameter space between 0.5 and 2.5 mag brighter than
the zero-age main sequence. We consider models in which
S BS is either 0 or 2. Both BHB and BS stars are assumed to
contribute only in populations older than 5 Gyrs.
Luminous tp-AGB stars contribute significantly to flux in
the near-infrared, particularly in populations with ages of ∼1–
2 Gyrs, and are therefore an important consideration for the
estimation of stellar mass in such galaxies. Currently, the
overall contribution of tp-AGB stars is extremely uncertain.
On the one hand, the stellar populations of intermediate-age
star clusters seem to require a significant contribution from tp-
AGB stars to describe their observed photometric and spec-
tral properties (e.g. Maraston 2005; Lyubenova et al. 2010,
2012). However, the extent to which such stars contribute to
the SEDs of intermediate-age galaxies is less clear (e.g. Kriek
et al. 2010; Conroy & Gunn 2010; Zibetti et al. 2013). FSPS
allows for shifts in the characteristic temperature T and lu-
minosity L of tp-AGB stars, and we adopt a relatively broad
range of ∆ log L = ±0.4 dex and ∆ log T = ±0.2 dex, reflect-
ing the significant uncertainty of this evolutionary phase. The
fiducial FSPS models already incorporate an empirical adjust-
ment to the tp-AGB temperature and luminosity, described by
Conroy & Gunn (2010). The values of ∆ log L and ∆ log T
used here characterize shifts in tp-AGB luminosity and tem-
perature relative to the already-calibrated FSPS models.
In Figure 8 we plot the offset in r-band M/L relative to our
fiducial model for various contributions of BHB, BS and tp-
AGB stars as indicated in each panel. Dotted line represent
no shift in M/L, and are shown for reference only. Figure 8
suggests that varying stellar evolutionary phases result in rela-
tively small systematic deviations in the derived M/L, typically
less than ∼0.05 dex, in good agreement with the findings of
Conroy et al. (2009). Both BHB and BS stars appear to play
only a minor part in the overall systematic uncertainty on the
stellar masses, though the inclusion of 20% BHB stars can
result in a shift of the derived M/L of 0.02–0.03 dex. Uncer-
tainties in the tp-AGB phase introduce a much larger spread in
the mass estimates, particularly given increases in the tp-AGB
luminosity (bottom right panel of Figure 8). This is consistent
with the SPS model comparison discussed in Section 4.1. It
is important to note, however, that the relative improvement
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Figure 8. Offset between our fiducial SPS model and models that include
variations in the accounting of BHB, BS, and tp-AGB stars. Vertical dotted
lines represent no offset.
in the quality of the model fits (as judged by their χ2) is min-
imal for the adopted variations in both ∆ log L and ∆ log T .
As discussed by Conroy et al. (2009), the primary effect of
treating ∆ log L and ∆ log T as free parameters is to increase
the uncertainty in M/L, but not necessarily change its value
systematically. In this sense, the offsets shown in Figure 8
represent upper limits on the expected variation of mass given
the adopted parameter range.
4.3.1. Color dependence
In addition to the globally-averaged uncertainties in M/L
discussed above, it is equally important to understand how
these uncertainties vary as a function of galaxy properties.
In Figure 9 we show the change in stellar M/L as a function
of galaxies’ g−r color for the same models considered in Fig-
ure 8. In each panel, solid lines show the median offset in M/L,
while dashed lines show the ±1 sigma percentile confidence
intervals. Shading shows the underlying galaxy distribution.
The systematic offsets shown in Figure 8 are echoed in Fig-
ure 9, but it highlights the dependence of these systematic ef-
fects on the underlying stellar population. The effects of both
the BHB and BS contributions are relatively minor, at most
∼0.05 dex. While there is no obvious systematic trend for
BS stars, including 20% BHB stars can lead to an increase in
the recovered stellar mass by 0.02–0.03 dex for red galaxies
relative to blue. Recall that BHB (and BS) stars are only im-
plemented in populations older than 5 Gyr, so that this color
dependence reflects the correlation between observed color
and mean (luminosity-weighted) age of the stellar population.
In part, the lack of sensitivity to BS and BHB stars in our fits
can be attributed to the large observational uncertainties on
u-band flux estimates relative to other bandpasses.
As discussed in previous sections, uncertainties in the prop-
erties of tp-AGB stars are significant, and these uncertain-
ties manifest themselves most clearly in young stellar pop-
ulations. The relative sensitivity of a given galaxy’s recov-
ered stellar mass to the temperature and luminosity of tp-AGB
stars therefore hinges on the average age of its stellar popu-
lation, and is emphasized by the strong dependence of recov-
ered mass on galaxy color in Figure 9. For reference, the di-
vision between red sequence and blue cloud galaxies falls at
g − r ∼ 0.4 − 0.5. For blue galaxies, variations in ∆ log L and
∆ log T can lead to systematic shifts in r-band M/L of up to 0.1
dex for most galaxies, and up to 0.2–0.3 dex in extreme cases.
Conversely, older (redder) galaxies are relatively insensitive
to the properties of tp-AGB stars, as RGB stars dominate the
flux output of post main sequence stars in populations more
than 2–3 Gyrs old. Recent observational evidence suggests
that the lifetimes of low-mass AGB stars may be significantly
overestimated (Girardi et al. 2010; Melbourne et al. 2012),
and therefore the total flux from tp-AGB stars may be too
high by a factors of a few in the models of Marigo & Gi-
rardi (2007). These findings are supported by the comparison
of post-starburst galaxy spectra with synthetic infrared SPS
SEDs, which point to a relatively small contribution from tp-
AGB stars even in young galaxy populations (e.g. Kriek et al.
2010; Zibetti et al. 2013). As mentioned previously, FSPS
already incorporates an empirical calibration of ∆ log L and
∆ log T relative to the fiducial tp-AGB evolutionary tracks of
Marigo & Girardi (2007), described by Equations 2 and 3 of
Conroy & Gunn (2010). These corrections range from ∆ log L
= −1.0 to −0.2 and ∆ log T = +0.1 to −0.1 depending on the
age and metallicity of the stellar population. Girardi et al.
(2010) show that the evolutionary tracks of Marigo & Girardi
(2007) may overestimate the frequency of AGB stars by fac-
tors of 3 to 7, naively suggesting that at ∆ log L of −0.3 to
−0.8 may be necessary to match the observed data, within the
range of the FSPS calibration. Kriek et al. (2010) find that
a similar offset (∆ log L ≈ −0.6) is required to fit their sam-
ple of post-starburst galaxies in the NEWFIRM medium-band
survey. Therefore, while adopting∆ log L = 0.4 leads to a sig-
nificant differential offset between young and old galaxies of
0.1 dex, empirical evidence suggests that typical tp-AGB lu-
minosities are unlikely to be underestimated (and may, in fact,
be overestimated).
5. HOW TO USE THESE CATALOGS
In the preceding Sections we have described the mechanics
of our stellar mass computations, and have attempted to high-
light the uncertainties that should be borne in mind with their
use. We now turn to a discussion of more practical matters.
Estimates of stellar mass computed using the full SPS grid
are given in Tables 3 and 4 for single (Se´rsic) and two-
component (bulge+disk) profile fits, respectively. Masses
computed using dust-free models are given in Tables 5 and
6. Along with the mass estimates we include several other
parameters—zmin, zmax, profile type, F-test probability, and
bulge+disk mass offset—described in the following Sections.
In instances where there is no flux in all five of the ugriz
bands, for example where the system is a ”pure” bulge or disk,
masses have been given a value of -99.99.
5.1. Mass completeness limits
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Figure 9. r-band M/L offset as a function of galaxy color for different stellar population models. In each panel, solid lines indicate the median M/L offset as a
function of color, while dashed lines show the ±1σ confidence interval. Shading shows the underlying galaxy distribution. Dotted lines mark no offset and are
shown for reference only.
Table 3
Total stellar mass estimates from Se´rsic photometry
objID z log M log Mp16 log Mp84 zmin zmax Type
(1) (2) (3) (4) (5) (6) (7) (8)
587724242842026102 0.0139 10.32 10.20 10.41 0.0137 0.0729 3
587724242303713336 0.0134 10.03 9.88 10.13 0.0121 0.0653 3
587728669882515508 0.0150 10.09 9.94 10.16 0.0122 0.0657 3
587729386602692631 0.0105 10.00 9.83 10.09 0.0096 0.0514 3
587722981745295552 0.0234 10.05 9.95 10.30 0.0140 0.0753 3
587722952767439282 0.0337 10.13 9.93 10.27 0.0130 0.0694 2
587722981747392587 0.0187 10.09 9.85 10.20 0.0153 0.0825 2
587722953841442929 0.0405 10.58 10.44 10.67 0.0204 0.1035 3
587722953841770855 0.0386 10.59 10.35 10.69 0.0232 0.1182 3
587722953303916807 0.0333 10.56 10.41 10.65 0.0213 0.1077 4
587722981742936247 0.0420 10.02 9.77 10.21 0.0160 0.0865 2
587722953304113519 0.0333 10.03 9.84 10.15 0.0138 0.0749 3
587722981748048047 0.0405 10.05 9.81 10.16 0.0129 0.0696 2
587722953304310243 0.0346 10.17 10.02 10.26 0.0122 0.0654 3
587722981749227687 0.0445 10.55 10.40 10.78 0.0247 0.1237 3
587722982283214886 0.0231 10.25 9.99 10.39 0.0134 0.0714 2
587722981750014081 0.0373 10.36 10.12 10.47 0.0185 0.0969 3
587722982284460272 0.0191 10.48 10.34 10.59 0.0175 0.0903 3
587722982278365259 0.0350 10.32 10.20 10.47 0.0185 0.0962 3
587722953304572282 0.0336 10.15 9.94 10.25 0.0138 0.0746 3
Note. — Columns: (1) SDSS object ID, (2) spectroscopic redshift, (3) total stellar mass, (4)
16th percentile of the total mass PDF, (5) 84th percentile of the total mass PDF, (6) minimum
redshift at which the galaxy satisfies our sample selection criteria, (7) maximum redshift at
which the galaxy satisfies our sample selection criteria, (8) profile type. (This table is available
in its entirety in a machine-readable form in the online journal. A portion is shown here for
guidance regarding its form and content.)
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Table 4
Total, bulge, and disk stellar mass estimates from bulge+disk photometry
objID z log M log Mp16 log Mp84 log MB log MB, p16 log MB, p84 log MD log MD, p16 log MD, p84 zmin zmax PpS Type ∆B+D
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
587735348040433783 0.0067 11.17 11.14 11.18 9.33 8.89 9.54 11.14 11.11 11.15 0.0050 0.0245 0.487 3 0.65
587722981745295552 0.0234 10.12 9.93 10.37 10.15 10.03 10.23 9.83 9.72 10.05 0.0140 0.0754 0.004 3 0.94
587722952230371590 0.0618 10.07 9.86 10.22 9.52 9.30 9.67 9.79 9.66 9.91 0.0130 0.0699 0.500 4 0.43
587722952230175145 0.0716 10.51 10.32 10.65 9.57 9.33 9.79 10.47 10.28 10.60 0.0225 0.1154 0.040 2 0.05
587722952230175173 0.0720 10.59 10.39 10.76 11.16 11.06 11.23 10.03 9.95 10.17 0.0249 0.1258 0.183 3 3.59
587722953841312162 0.0628 10.75 10.59 10.87 10.50 10.33 10.61 10.45 10.30 10.56 0.0260 0.1293 0.043 3 0.16
587722981737431161 0.0743 10.38 10.18 10.52 -99.99 -99.99 -99.99 10.40 10.20 10.54 0.0179 0.0938 0.748 2 0.09
587722981741625520 0.0706 10.69 10.54 10.76 10.52 10.35 10.63 10.25 10.11 10.36 0.0256 0.1269 0.459 3 0.14
587722981747392587 0.0187 10.05 9.79 10.18 8.92 8.69 9.09 10.06 9.82 10.21 0.0153 0.0827 1.000 2 0.16
587722981746016481 0.0575 10.00 9.89 10.20 9.86 9.67 10.02 9.88 9.77 10.02 0.0190 0.1011 0.392 3 0.91
587722952230240617 0.0548 10.46 10.28 10.71 11.03 10.94 11.11 10.11 10.04 10.23 0.0312 0.1579 0.244 3 3.65
587722981742149718 0.0700 10.73 10.52 10.82 10.45 10.31 10.57 10.48 10.33 10.60 0.0316 0.1591 0.187 3 0.23
587722952767439282 0.0337 10.17 9.99 10.30 8.64 8.30 8.89 10.18 10.00 10.29 0.0130 0.0694 0.779 2 0.07
587735349648752750 0.0230 10.23 10.00 10.39 10.13 10.02 10.22 9.90 9.80 10.10 0.0168 0.0896 0.015 3 0.51
587722953841770855 0.0386 10.58 10.34 10.68 10.40 10.29 10.50 10.27 10.13 10.44 0.0232 0.1183 0.062 3 0.35
587722981747916880 0.0637 10.77 10.60 10.94 10.74 10.59 10.82 10.33 10.18 10.48 0.0308 0.1498 0.048 3 0.61
587722981742215240 0.0710 10.33 10.16 10.44 10.10 9.97 10.21 10.02 9.82 10.17 0.0169 0.0889 0.464 3 0.19
587722952230961709 0.0543 10.14 9.99 10.24 10.16 10.00 10.27 8.82 8.48 9.18 0.0134 0.0720 0.516 4 0.21
587722981742936247 0.0420 10.13 9.87 10.27 -99.99 -99.99 -99.99 10.16 9.94 10.28 0.0160 0.0865 0.999 2 0.13
587722953303916807 0.0333 10.53 10.39 10.59 10.45 10.29 10.52 9.94 9.78 10.07 0.0213 0.1080 0.353 4 0.24
Note. — Columns: (1) SDSS object ID, (2) spectroscopic redshift, (3) total stellar mass, (4) 16th percentile of the total mass PDF, (5) 84th percentile of the total mass PDF, (6) bulge stellar
mass, (7) 16th percentile of the bulge stellar mass PDF, (8) 84th percentile of the bulge mass PDF, (9) disk stellar mass, (10) 16th percentile of the disk stellar mass PDF, (11) 84th percentile
of the disk mass PDF, (12) minimum redshift at which the galaxy satisfies our sample selection criteria, (13) maximum redshift at which the galaxy satisfies our sample selection criteria, (14)
F-test probability that two components are not required, (15) profile type, (16) difference between the total mass and sum of the bulge and disk masses in units of the standard error. (This
table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.)
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Table 5
Total stellar mass estimates from Se´rsic photometry with dust-free models
objID z log M log Mp16 log Mp84 zmin zmax Type
(1) (2) (3) (4) (5) (6) (7) (8)
587724242842026102 0.0139 10.36 10.28 10.41 0.0137 0.0732 3
587728669882515508 0.0150 10.08 9.96 10.15 0.0122 0.0658 3
587729386602692631 0.0105 10.04 9.98 10.09 0.0096 0.0516 3
587731174379618333 0.0128 10.21 10.15 10.24 0.0109 0.0587 3
587731872847429772 0.0124 10.16 10.12 10.22 0.0115 0.0620 3
587731873384562974 0.0146 10.06 10.00 10.15 0.0132 0.0711 3
587732484369743922 0.0074 10.23 10.14 10.30 0.0050 0.0158 2
587732591177695368 0.0114 10.03 9.97 10.07 0.0101 0.0540 3
587735044151509021 0.0146 10.04 9.87 10.08 0.0144 0.0780 3
587735342651605021 0.0068 10.45 10.35 10.50 0.0050 0.0110 3
587736940370788440 0.0106 10.05 9.99 10.09 0.0099 0.0534 3
587736943056519174 0.0126 10.24 10.18 10.27 0.0124 0.0666 3
587738067813400649 0.0149 10.09 10.04 10.13 0.0128 0.0690 3
587738196660518935 0.0149 10.20 10.16 10.22 0.0133 0.0724 3
587738372745593177 0.0133 10.24 10.21 10.25 0.0113 0.0606 3
587738952033304694 0.0133 10.18 10.12 10.21 0.0126 0.0678 3
587739114700669144 0.0148 10.29 10.20 10.37 0.0145 0.0773 3
587739406255783959 0.0145 10.06 10.00 10.16 0.0131 0.0705 4
587739407328411721 0.0145 10.29 10.21 10.34 0.0129 0.0693 3
587739407863906479 0.0146 10.20 10.13 10.23 0.0132 0.0710 3
Note. — Columns: (1) SDSS object ID, (2) spectroscopic redshift, (3) total stellar mass, (4)
16th percentile of the total mass PDF, (5) 84th percentile of the total mass PDF, (6) minimum
redshift at which the galaxy satisfies our sample selection criteria, (7) maximum redshift at
which the galaxy satisfies our sample selection criteria, (8) profile type. (This table is available
in its entirety in a machine-readable form in the online journal. A portion is shown here for
guidance regarding its form and content.)
In order to construct mass-complete samples from the flux-
limited SDSS we require some knowledge of galaxies under-
lying SEDs. Since our estimates of stellar mass rely on de-
termining the most likely SED given a set of observed ugriz
photometry, we can use the best fit model (or the likelihood
distribution over a set of models) to estimate the redshift range
over which a given galaxy satisfies the flux limits of our sam-
ple (i.e. 14 ≤ mr ≤ 17.77).
In Figure 10, we show the distribution of zmax—the maxi-
mum redshift at which a galaxy still satisfies our sample flux
limit—as a function of stellar mass. In the top panel, we have
coded tiles according to galaxies’ g−r color using the scale
shown in the upper left. This shows clearly that blue galaxies
are observable over a larger volume than red galaxies at fixed
stellar mass—or, alternatively, blue galaxies are sampled to
lower stellar masses than red in a fixed volume—as one might
expect based on SED shape alone. After some experimenta-
tion we found that the redshift-dependent stellar mass limit is
well described by a relation of the form
log(Mlim/M⊙) = α + β log z + γ log(1 + z). (4)
By fitting the stellar mass–zmax relation for galaxies with dif-
ferent rest-frame colors, we can provide a more quantitative
description of the sampling effects discussed above. The dot-
ted, dot-dashed and dashed lines in Figure 10 show the result-
ing functional fits for 3 different color cuts at the green valley,
red sequence, and 3σ above the red sequence, which have
been determined based on the color–stellar mass distribution
in the bottom panel of Figure 10. The relevant parameters for
these fits (as well as several others) are given in Table 7, and
can be used to select mass-complete samples as required.
5.2. When is a bulge not a bulge?
Up to this point we have proceeded without considering
the physical reality of structural components recovered by
our bulge+disk decompositions. While by construction the
recovered components represent the best numerical match to
the data, for most scientific investigations we require that the
recovered components and their properties be astrophysically
meaningful as well. In practice, it is useful to consider a given
fit’s reliability as the combination of two separate questions:
i) to what extent does a given galaxy image support modelling
by a more complex photometric model, e.g., two components
versus one? and ii) when can we treat multiple fitted compo-
nents as physically meaningful structures?
In S11, the distinction between single and multi-component
decompositions was made using an F-test to compare the χ2
values of their three fitted models (single Se´rsic, de Vau-
couleurs bulge+disk, and Se´rsic bulge+disk). They define
a parameter, PpS, as the probability that a multi-component
model is not required relative to a single component (i.e.
Se´rsic profile) fit. To put it another way, PpS gives the proba-
bility that a Se´rsic model is adequate to describe the data, and
can therefore be used to distinguish genuine structural compo-
nents (see also Meert et al. 2013). For this reason, we include
the PpS values computed by S11 in our bulge+disk mass cata-
logs. As shown by S11, the SDSS data are generally only suf-
ficient to distinguish multiple components in galaxies clearly
hosting both bulges and disks (0.2 ≤ B/T ≤ 0.45), and adopt-
ing even modest cuts on the F-test probability, e.g. PpS ≤
0.32, seems to limit the incidence of spurious bulges and disk
based on, for example, the distribution of disk axial ratios.
As discussed by Meert et al. (2013), the F-test can be used
to select relatively pure samples of two-component galaxies,
but these samples are not necessarily complete. Some caution
must therefore be used in blindly applying PpS to select bulge
and disk subsamples.
Alternatively, one can attempt to classify the fitted profiles
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Table 6
Total, bulge, and disk stellar mass estimates from bulge+disk photometry with dust-free models
objID z log M log Mp16 log Mp84 log MB log MB, p16 log MB, p84 log MD log MD, p16 log MD, p84 zmin zmax PpS Type ∆B+D
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
587731872847429772 0.0124 10.18 10.08 10.21 9.35 9.29 9.40 10.08 9.95 10.13 0.0115 0.0621 0.002 3 0.24
587739406255783959 0.0145 10.06 10.00 10.17 9.94 9.86 9.99 9.85 9.72 9.91 0.0131 0.0705 1.000 4 1.40
587731174379618333 0.0128 10.20 10.14 10.23 9.20 9.15 9.22 10.05 10.01 10.09 0.0109 0.0589 0.000 3 1.35
587729772607045903 0.0143 10.14 9.91 10.21 9.19 9.11 9.24 9.86 9.75 10.08 0.0128 0.0692 0.057 3 0.91
587729386602692631 0.0105 10.00 9.94 10.06 9.69 9.66 9.72 9.73 9.62 9.78 0.0096 0.0516 0.000 3 0.14
587728880332308694 0.0124 10.26 10.15 10.37 10.33 10.30 10.36 9.64 9.56 9.71 0.0122 0.0657 0.018 3 1.53
587725981765664905 0.0142 10.10 10.04 10.13 8.90 8.75 8.98 10.00 9.86 10.06 0.0108 0.0581 0.002 3 0.65
587724242842026102 0.0139 10.17 10.05 10.25 9.86 9.83 9.86 9.96 9.77 10.02 0.0137 0.0736 0.000 3 0.34
587722981745295552 0.0234 10.25 10.06 10.34 9.74 9.70 9.74 10.02 9.80 10.14 0.0140 0.0754 0.004 3 0.27
587722981747392587 0.0187 10.14 10.07 10.21 8.79 8.61 8.92 10.15 10.02 10.23 0.0153 0.0827 1.000 2 0.17
587735349648752750 0.0230 10.28 10.06 10.41 9.79 9.76 9.81 10.23 10.09 10.32 0.0168 0.0897 0.015 3 0.45
587735349647442032 0.0246 10.21 10.13 10.27 8.36 7.98 8.54 10.16 10.07 10.23 0.0052 0.0290 0.964 2 0.37
587735349645934646 0.0202 10.49 10.39 10.56 10.52 10.49 10.54 9.78 9.62 9.88 0.0184 0.0953 0.000 4 1.26
587735349636300832 0.0185 10.24 10.03 10.32 10.20 10.16 10.23 9.65 9.53 9.72 0.0161 0.0862 0.000 3 0.50
587735349111226443 0.0234 10.16 10.08 10.23 10.21 10.14 10.32 8.80 8.53 9.04 0.0145 0.0775 0.509 1 0.64
587736541478519037 0.0232 10.23 10.20 10.23 9.61 9.59 9.61 9.87 9.66 9.97 0.0117 0.0628 0.029 3 1.99
587736540944269327 0.0239 10.67 10.58 10.75 10.83 10.80 10.85 7.73 7.54 7.96 0.0221 0.1114 0.967 1 2.18
587736540940664928 0.0232 10.45 10.39 10.52 10.29 10.20 10.39 10.16 10.03 10.26 0.0215 0.1092 0.000 3 0.85
588023670242410560 0.0236 10.43 10.33 10.49 9.71 9.68 9.71 10.15 10.03 10.23 0.0102 0.0548 0.036 3 1.25
587736526442266845 0.0231 10.01 9.87 10.20 8.77 8.60 8.90 10.00 9.85 10.18 0.0135 0.0728 1.000 2 0.07
Note. — Columns: (1) SDSS object ID, (2) spectroscopic redshift, (3) total stellar mass, (4) 16th percentile of the total mass PDF, (5) 84th percentile of the total mass PDF, (6) bulge stellar
mass, (7) 16th percentile of the bulge stellar mass PDF, (8) 84th percentile of the bulge mass PDF, (9) disk stellar mass, (10) 16th percentile of the disk stellar mass PDF, (11) 84th percentile
of the disk mass PDF, (12) minimum redshift at which the galaxy satisfies our sample selection criteria, (13) maximum redshift at which the galaxy satisfies our sample selection criteria, (14)
F-test probability that two components are not required, (15) profile type, (16) difference between the total mass and sum of the bulge and disk masses in units of the standard error. (This
table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.)
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Figure 10. Completeness limits as a function of color and stellar mass. In
the top panel we plot the maximum redshift at which galaxies satisfy our
sample flux limits, zmax, as a function of stellar mass. Tiles are color-coded
by the mean g− r color in each bin, and tile size indicates the number of
galaxies on a logarithmic scale. Dashed, dot-dashed and dotted lines show the
redshift completeness limits as a function of stellar mass for different fixed-
color samples as indicated in the bottom panel and given in Table 7. In the
bottom panel, contours show the Vmax corrected color–stellar mass relation
for all galaxies in our sample. Contours are logarithmically spaced. Dotted,
dot-dashed and dashed lines indicate color as a function of stellar mass for
galaxies in the green valley, red sequence, and 3σ above the red sequence.
Table 7
Best-fit parameters for Equation 4
Galaxy population g−r1 α β γ
Green valley 0.60 12.363 2.145 3.932
Red sequence 0.70 12.575 2.203 3.696
Red sequence +1σ 0.74 12.476 2.108 4.845
Red sequence +2σ 0.78 12.791 2.273 2.932
Red sequence +3σ 0.82 12.994 2.353 1.734.
1 Color here refers to galaxy color at log(M/M⊙) = 10,
where the slope of the color mass relation is taken as 0.06
(see Figure 10)
in terms of their properties, singling out galaxies where
two distinct components appear to be physically motived
and discarding cases where multiple components are either
unjustified by the data, as above, or nonsensical. Both Allen
et al. (2006) and Lackner & Gunn (2012, hereafter L12)
have employed such an approach in their analyses of galaxy
structure, and we follow them in filtering the S11 data. In
their work, Allen et al. (2006) identify eight profile types
that encompass the range of decompositions observed in
their sample of ∼10,000 galaxies. These can be broadly
understood in terms of the physical systems they describe:
two profile types describe single-component models, either
pure bulge or disk, while the remaining six describe vari-
ations of two-component bulge+disk systems. Allen et al.
(2006) describe the application of a logical filter to classify
decompositions as reliable, in which case parameters of the
bulge+disk fits are retained, or unreliable, in which case
structural parameters of single-component fits are adopted.
In classifying the S11 data we adopt a simplified framework
in which we divide the galaxy population into only 4 classes
based on their best-fiting gim2d profiles. This scheme is
summarized below.
(i) Type 1 A de Vaucouleurs component dominates the
surface brightness profile at all radii, or no exponential
component is fit (i.e. B/T = 1). We also include here
galaxies for which the best-fit disk scale length is less
than 0.2 pixels—i.e. the disk is collapsed to a point
source—regardless of B/T (∼0.5% of fits). In terms
of the single component Se´rsic profiles fit by S11,
the distribution of n for these profiles peaks at n ∼ 4-
5. These are single component elliptical galaxies, and
are related to profile types 5 and 8 from Allen et al. (2006).
(ii) Type 2 The exponential component dominates
the surface brightness profile at all radii, or no de Vau-
couleurs component is fit (i.e. B/T = 0). As for type
1 profiles, we include here any fits where the half-light
radius of the best-fit de Vaucouleurs profile is less than 0.2
pixels (∼2.6% of fits). These galaxies have low n in the
single Se´rsic fits, and are either pure disk systems or disks
hosting a weak central pseudo-bulge. These galaxies are
related to profile types 2, 5, 7, and 8 from Allen et al.
(2006).
(iii) Type 3 The de Vaucouleurs component domi-
nates the surface brightness profile in the central regions,
while the exponential component dominates at large
radii. The de Vaucouleurs and exponential profiles cross
only once at an r-band surface brightness, µr , less than
26 mag arcsec−2. For the most part these are genuine
bulge+disk systems, however in some cases these are
single-component (elliptical) galaxies in which a disk has
been included to account for deviations from a pure de
Vaucouleurs profile, e.g., tidal features, isophotal twists,
or n & 4. Such spurious fits stand out in the distribution
of axis ratios as an excess of face-on disks (e.g. figure 13
of S11; Allen et al. 2006; Benson et al. 2007, L12). These
are classified as type 1 profiles by Allen et al. (2006).
(iv) Type 4 These galaxies include everything that
cannot be classified as types 1, 2, or 3. These include
galaxies where the bulge and disk surface brightness
profiles cross twice at µr < 26 mag arcsec−2 , or where the
disk and bulge profiles are inverted—i.e. the disk profile
dominates in the central regions and the bulge dominates
at large radii. These encompass profile types 3, 4 and 6
from Allen et al. (2006).
Examples of the first three profile types (i.e. elliptical, disk,
and bulge+disk) are shown in Figure 11. In our sample,
12.4% of galaxies are classified as type 1, 11.7% as type 2,
16 Mendel et al.
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Figure 11. Examples of profile types 1, 2, and 3 described in Section 5.2. Solid lines show total surface brightness profiles derived from the bulge+disk fits,
while dashed and dot-dashed lines show the surface brightness profiles of the bulge and disk separately. Dotted lines mark the bulge and disk half-light size.
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Figure 12. Distribution of Se´rsic indices for the different profile types de-
scribed in Section 5.2. Type 1, 2, and 3 profiles are classified as elliptical,
disk, and bulge+disk based on the relative significance (in terms of surface
brightness) of the structural components measured by gim2d.
71.7% as type 3, and 4.2% as type 4 profiles. In Figure 12 we
show the distribution of Se´rsic indices for profile types 1, 2,
and 3. The classification of type 1 and 2 profiles as ellipticals
and disks respectively is supported by the distribution of n for
these galaxies. While the majority of galaxies are classified
as type 3 (bulge+disk) profiles, relatively few of these seem
to require a multi-component model to describe their surface-
brightness profiles; only 37% of type 3 profiles satisfy the cut
of PpS ≤ 0.32 discussed above. The broad range of galaxies
classified as type 3 is also evident in their Se´rsic index distri-
bution. In most instances, it is therefore useful (or required!)
to combine the profile type with cuts on the F-test probability
when selecting bulge and/or disk subsamples.
As a test of our classifications, we can compare the pro-
file types determined here with those assigned by L12 in their
analysis of SDSS galaxies. Briefly, L12 fit a sample of 71,825
galaxies with 5 different image models: two multi-component
(bulge+disk) and three single component profiles. In order to
determine the most appropriate model for each galaxy, they
use a combination of physically-driven quality assessment
and statistically-motivated goodness of fit. Their final classifi-
cation is in to one of 5 categories: de Vaucouleurs bulge plus
disk, pseudo-bulge (n = 1) plus disk, pure de Vaucouleurs
profile, pure exponential profile, or Se´rsic profile. In total
there are 66,693 galaxies in common between our sample and
that of L12. It is worth noting that the classifications of L12
incorporate additional information about the likelihood of a
bulge+disk fit relative to other fitted profiles, similar to the
PpS parameter described above. We have chosen to leave these
as two separate diagnostics in order to allow greater flexi-
bility in how samples are selected from within our catalog.
Nevertheless, a comparison of the raw profile classifications,
independent of the F-test probabilities, is still useful in under-
standing the behavior of these different diagnostics.
Of type 1 galaxies, 44% are classified as ellipticals by L12,
with an additional 21% and 28% classified as de Vaucouleurs
bulge+disk and single Se´rsic profiles, respectively. Despite
the relatively poor agreement between the raw classifications
for type 1 profiles, the distribution of Se´rsic indices deter-
mined by L12 for these galaxies is clearly peaked around
n ≈ 4 (median value of 3.9), supporting our classification
of these systems as ellipticals. The agreement between our
pure disk classifications is significantly better, with 66% of
type 2 galaxies classified as pure exponential disks by L12
and a further 32% classified as single Se´rsic profiles. As for
type 1 profiles, the distribution of Se´rsic indices for type 2
galaxies seems to support their classification as disks (median
n ≈ 0.84). In total, 24% of galaxies are classified as being
best fitted by either a pure de Vaucouleurs or pure exponential
disk model.
There is less clear agreement between our type 3
(bulge+disk) galaxies and the classifications of L12; only
36% of type 3 galaxies are classified as hosting two-
components by L12, with the majority of remaining galax-
ies classified as unknown (i.e, fitted with Se´rsic profiles). As
discussed above, our raw classifications make no account for
the degree to which a two-component is required by the data,
which the classifications of L12 do. If we adopt a cut of
PpS ≤ 0.32—i.e. require that a two-component models is pre-
ferred at the ∼1σ level—then 51% of the remaining type 3
galaxies are classified as bulge+disk systems by L12 (38%
de Vaucouleurs bulge+disk and 13% pseudo-bulge+disk). As
might be expected, increasing the required significance of the
two-component fit improves agreement between the two clas-
sification schemes, but at the expense of the total number
of bulge+disk galaxies. Overall, the comparison with L12
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supports running theme of this section: identifying genuine
bulge+disk systems requires a combination of quality assess-
ment metrics which incorporate information about both the
physical and numerical likelihood of a given decomposition.
5.3. Identifying spurious bulge and disk data
Although we have taken steps to limit the number of galax-
ies with suspect mass estimates, the final catalogs will in-
evitably contain values that, for one reason or another, are
unreliable. As discussed in Section 3.4, one way to identify
such spurious values is to identify data which are internally
inconsistent, e.g. when MB +MD significantly exceeds MB+D.
In Tables 4 and 6 we include an additional parameter, ∆B+D,
which gives the offset between MB + MD and MB+D in units
of the standard error. Galaxies for which the bulge and disk
masses exceed the total mass by more than 1σ should be ap-
proached with extreme caution, and we recommend in these
cases using the dust-free masses as more reliable estimate for
the “true” stellar mass.
6. SUMMARY
In this paper we present a catalog of stellar mass estimates
for 657,247 galaxies selected from the SDSS DR7. The foun-
dation for these mass estimates is the reprocessed SDSS g-
and r-band photometry published by Simard et al. (2011),
which we have now extended to include the u, i, and z bands.
In addition to incorporating improved sky background esti-
mates and object deblending, the Simard et al. (2011) cat-
alog provides structural information for the best-fit single-
component Se´rsic and bulge+disk photometric models on a
galaxy-by-galaxy basis, which we use to compute masses sep-
arately for bulges and disks.
Masses are derived by comparing galaxies’ photometry to
a grid of synthetic models which span a range of possible
ages, star-formation histories, metallicities, and dust extinc-
tions. We have paid careful attention when conducting these
SED fits to account for non-detections and upper limits, which
require a modified treatment of the likelihood function. In the
end, statistical uncertainties on individual mass estimates are
∼0.15 dex (∼40%).
We have shown that additional systematic uncertainties
must be accounted for when considering photometrically-
derived stellar masses. Changing between SPS models can
lead shifts of 0.1 to 0.2 dex depending on the age of the stellar
population, and changes in the IMF and extinction law con-
tribute at a similar level. Particular care must be taken when
changing the slope of the IMF at high masses, as this can lead
to differential changes in the mass of star-forming and pas-
sive galaxies at the level of 0.1 dex. From a stellar evolu-
tionary standpoint, we have explored the particular influence
of BHB, BS, and tp-AGB stars on the derived masses. In all
cases, systematic uncertainties are below ±0.1 dex, with the
largest effects arising from changes in the temperature and lu-
minosity of tp-AGB stars. These systematic effects are most
important in young stellar populations, where AGB stars con-
tribute significantly to the overall flux.
Full catalogs containing total, bulge and disk stellar mass
estimates for both dusty and dust-free models are included
here, along with additional parameters to aid in identifying
robust subsamples. We stress that, while we provide estimates
of bulge and disk mass for all galaxies on the basis of their
bulge+disk decompositions, particular care should be taken to
select components that are both numerically and scientifically
justified.
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APPENDIX
A. COMPARISON OF REPEAT R-BAND S ´ERSIC PROFILE MEASUREMENTS
As discussed in Section 2, each of the u, i, and z bands were fitted simultaneously with the r-band using structural parameters—
bulge and disk size, position angle, and ellipticity/inclination—taken from the joint gr fits published by S11. In the case of
bulge+disk model fits, B/T and total magnitude vary independently in each band, and therefore measurements of the r-band
bulge, disk and total properties are nearly identical between different band combinations (i.e. ur, gr, ir, or zr). In the case of our
Se´rsic profile fits, however, the Se´rsic index was fitted independently for each pair of bands, and therefore the derived r-band
magnitude and best-fit Se´rsic index depend on the particular band it is coupled to. In our mass estimates we adopt the r-band
values given by S11 using the combined g- and r-band data. Comparing the derived r-band magnitude between the different band
pairs provides some estimate of the uncertainty induced by this choice.
In Figure A1 we show a comparison of the r-band magnitude, mr, and Se´rsic index, n, for each of the ur, ir, and zr Se´rsic
fits. In each panel we plot the difference relative to the gr values published by S11. We find that the pairwise fits yield estimates
of mr that agree to better than a few percent regardless of band pair. This is less than the typical photometric uncertainty on an
individual mr measurement, and therefore we don’t expect that the derived mass should depend significantly on our adoption of
measurements from the gr Se´rsic fits.
The derived Se´rsic index shows more significant variability from band to band, in agreement with previous work (e.g. Kelvin
et al. 2012; Vika et al. 2013). The scatter between the gr fits and other bands is 10-20% on average, but differences can be up to
40% in extreme cases. The fits also show a tendency towards systematically higher n by 5, 10, and 8% in the ur, ir, and zr fits.
In the case of bulge+disk fits, while structural parameters are fixed across bands, the B/T is determined independently. This
allows the bulge+disk fits more freedom to accommodate global trends in, for example, color as a function of radius. The same
is not true of the Se´rsic profile fits; this “stiffness” of the Se´rsic models is reflected in the comparison of mr and n for the Se´rsic
fits, where the largest differences are observed between the gr and ir fits, i.e. where the individual bands both have relatively
high S/N. To some extent these effects can be mitigated by fitting each band individually (e.g. Kelvin et al. 2012), albeit at the
expense of the S/N boost offered by pairwise fits, or by adopting a functional form for the dependence of structural parameters
with wavelength (e.g. Ha¨ußler et al. 2013).
B. THE RELIABILITY OF FLUX MEASUREMENTS FROM TWO-DIMENSIONAL PARAMETRIC DECOMPOSITIONS
Here we investigate the overall reliability of the S11 flux estimates used in our computation of stellar masses. We follow
Simard et al. (2002) and Simard et al. (2009) in addressing this question by means of Monte Carlo simulations, whereby we
inject model galaxy images into randomly-selected SDSS imaging frames and re-process them following the procedures outlined
in Section 2 and S11. Our goal is to assess any systematic effects in the parametric recovery of galaxies’ flux that may affect our
determination of galaxies’ stellar mass, as well as statistical uncertainties due to sky background estimation and/or crowding. In
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Figure A1. Comparison of repeat measurements of the r-band apparent magnitude (left panel) and Se´rsic index (right panel) discussed in Appendix A. Different
histograms show the offset of the ur, ir, and zr fits from the gr values published by S11. The dotted vertical line indicates no offset, and is shown for reference
only.
the following, we limit our analysis to the g and r bands; however, we expect that results are similar for the joint ur, ri, and rz
fits.
B.1. Galaxy simulations
We generate a large number of smooth galaxy image models—either a single-component Se´rsic profile or a two-component
de Vaucouleurs bulge plus disk profile—with a range of structural parameters described in Table 8. Synthetic galaxy images are
generated using the gsimul task included as part of gim2d. In each case, parameters are randomly drawn with uniform probability
from their allowed ranges, and the resulting image model is injected into a randomly-selected SDSS corrected frame using the
sextractor segmentation image as a guide. We require that the model center falls on a sky pixel, however place no such constraint
on the simulated galaxies’ isophotal area (see Section B.3 for a discussion of crowding effects).
The methodology described by S11 relies on simultaneously fitting the g- and r-band images, and our Monte Carlo procedure
therefore requires that we generate coupled pairs of g- and r-band models. In the case of single-component galaxies generation of
these coupled pairs is relatively straight forward: given a randomly-generated r-band magnitude, we generate g-band magnitudes
such that 0.3 ≤ g−r ≤ 1.1. Other parameters—i.e. size, Se´rsic index, ellipticity and position angle—are drawn uniformly from
their respective ranges given in Table 8. In the case of bulge+disk models the procedure is somewhat more complicated. For
each (randomly-generated) r-band magnitude and (B/T )r, we use empirical relationships between (B/T )r, (B/T )g, and g−r color
(given in Table 9) to generate the corresponding g-band magnitude and (B/T )g. The typical scatter about the empirical (B/T )r
versus color and (B/T )r versus (B/T )g relationships are 0.16 mag and 0.08, respectively, and are incorporated in our generation
of (B/T )g and color from (B/T )r. Bulge and disk size, ellipticity/inclination, and position angle are generated uniformly over the
ranges specified in Table 8. For simplicity we require that the bulge and disk position angles are the same.
Simulations can only be used to understand the reliability of the S11 flux measurements inasmuch as they reflect the properties
of real galaxies, and we therefore impose two additional criteria on our simulations. First, the ability of gim2d to accurately
recover flux depends sensitively on surface brightness, so that flux estimates of low surface-brightness galaxies or structural
components are significantly uncertain. We therefore require that simulations have total half-light radii less than 15 pixels in
order to limit any bias incurred as a result of considering large, low surface-brightness galaxies (for reference, ∼91% of observed
galaxies satisfy our adopted size limit). Second, in observational samples there is significant covariance between bulge and disk
size; however, in generating our models we have explicitly decoupled the properties of bulges and disks. Although we do not want
to impose a priori a strong relationship between bulge and disk sizes which may bias our results, we do impose a cut such that
re ≤ 1.67rd. We generate a total of 46,000 simulations matching these criteria: 23,000 each with either single- or two-component
light profiles.
Finally, it is worth stressing that these simulations are intended to sample the parameter space that galaxies may occupy (in
terms of the parameters listed in Table 8) without any a priori assumptions about how real galaxies actually populate this space.
B.2. Recovered flux
B.2.1. The reliability of total flux measurements
We first consider the recovery of galaxies’ total flux, which is summarised in Figures B1 and B2 for bulge+disk and single-
component input models, respectively. For each simulated image we consider the result of fitting with either a two- or single-
component photometric model, indicated as either “Bulge + Disk” or “Se´rsic”. In each Figure, left panels show the systematic
uncertainty in the recovered magnitudes (mrecovered − minput) for a range of apparent magnitudes and structural parameters (either
B/T or n), while the right panels show the statistical uncertainty (i.e. scatter) in offset values. Open and filled tiles indicate
negative and positive values, and the size of each tile indicates the magnitude of the offset following the scale on the right. For
example, a large filled square represents a significant underestimate of the true flux.
Focusing first on two-component galaxies (Figure B1), both photometric models produce reasonable estimates of galaxies’
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Table B1
Simulated galaxy model parameters
Parameter Description Range of values
mr r-band apparent magnitude 14 ≤ mr ≤ 17.7
(B/T )r r-band bulge-to-total 0 ≤ (B/T )r ≤ 1
n Se´rsic index 0.5 ≤ n ≤ 8
re bulge half-light size 0 ≤ re ≤ 20 pixels
rd disk scale length 0 ≤ 1.67 rd ≤ 20 pixels
i disk inclination 0.087 ≤ cos i ≤ 1
e bulge ellipticity 0 ≤ e ≤ 0.7
φb,d bulge and disk position angle 0◦ ≤ φb,d ≤ 180◦
Note. — Parameters for the randomly-generated galaxy image models
described in Appendix B.
Table B2
Relationship between (B/T )r , (B/T )g, and g−r
(B/T )r (B/T )g σ((B/T )g) g−r σ(g−r)
0.0 0.00 0.07 0.54 0.23
0.1 0.09 0.08 0.62 0.19
0.2 0.18 0.08 0.71 0.18
0.3 0.29 0.08 0.78 0.16
0.4 0.41 0.07 0.84 0.15
0.5 0.51 0.07 0.87 0.15
0.6 0.61 0.07 0.88 0.13
0.7 0.71 0.09 0.87 0.14
0.8 0.82 0.10 0.86 0.14
0.9 0.92 0.12 0.87 0.15
1.0 0.99 0.11 0.90 0.18
Note. — Empirical relationships used to construct
the image pairs described in Appendix B.
total flux for galaxies with mr . 16 regardless of bulge fraction, which typical systematic offsets <0.1 mag. We stress that these
error estimates incorporate both the formal uncertainties output by gim2d as well as uncertainties in the sky background. Pushing
towards fainter magnitudes, there is a tendency for Se´rsic profile fits to systematically overestimate the true flux by up to ∼0.2
mag, particularly in galaxies with intermediate B/T ; this overestimate is also reflected in the increased scatter in recovered flux
(bottom right panel of Figure B1. This primarily reflects the difficulty in constraining the wings of the Se´rsic profile when the
absolute sky level is uncertain, particularly at low surface brightness. In contrast, bulge+disk fits are extremely well behaved
over the range of simulated properties, suggesting that they are able to reliably recover the total flux of “classical” bulge+disk
galaxies.
Turning to single-component galaxies, the upper left panel in Figure B2 highlights a particular shortcoming of the bulge+disk
modelling adopted here: the combination of a de Vaucouleurs bulge exponential disk profile is unable to accurately recover flux
in galaxies with n & 5. In this case, the systematic underestimation of flux at high n is governed by an inability of the bulge+disk
model to simultaneously reproduce both the bright inner and extended outer profiles of the simulated galaxies, and at least in
part motivates the more careful consideration of “genuine” bulges and disks using the metrics discussed in Section 5.2. By
comparison, the fluxes recovered by Se´rsic profile fits appear to be extremely robust when applied to either simulated sample:
systematic uncertainties are less than 0.15 mag across a broad range of input galaxy parameters, and ∼0.02 mag for the sample
as a whole (i.e. irrespective of mr, B/T , or n).
In cases where the only requirement is for robust and reliable total mass measurements, we suggest that masses based on Se´rsic
profile fits are to be preferred over bulge+disk models.
B.2.2. Recovering bulge and disk flux
As described in Section B.1, our image models are generated from a combination of bulge and disk components. Therefore,
in addition to quantifying the reliability of our overall flux measurements, as above, we can also study separately the recovery
of bulge and disk fluxes, which are shown in Figure B3. The format of this figure is the same as for Figure B1, except that
the size of each tile now reflects the systematic or statistical uncertainty in the recovered disk or bulge (top and bottom panels,
respectively) separately—note also the increased scale on the righthand side of Figure B3. These figures serve to make the point
that the ability to reliably recover the flux of an individual structural sub-component is strongly dependent on the galaxies’ overall
structure, particularly at faint galaxy magnitudes; the recovered bulge (disk) fluxes in galaxies that are disk (bulge) dominated
is uncertain by more than 1 mag, while the statistical uncertainty is ∼0.5 mag for galaxies with intermediate (B/T )r. While the
precision of bulge and disk fluxes suffer relative to the total flux measurements, they remain relatively accurate in the sense that
the systematic uncertainties are generally 0.3–0.4 mag or less, with the exception of disks in bulge-dominated galaxies, whose
flux can be significantly overestimated. For galaxies which host both bulge and disk components—e.g. 0.2 ≤ (B/T )r ≤ 0.8—the
typical systematic uncertainty is of order 0.3 mag or less, while statistical uncertainties range from 0.3 to 0.5 mag depending on
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Figure B1. Reliability of flux measurements for simulated bulge+disk models. Systematic and statistical uncertainties are shown as a function of input B/T and
apparent magnitude for the Monte Carlo simulations described in Section B.1. The top and bottom panels show the results of using either a bulge+disk or Se´rsic
model to fit the simulated images as indicated. Left panels show the median systematic offset between the input (simulated) flux and the flux recovered by gim2d.
Tiles are scaled according to the legend on the right, while open and filled squares correspond to negative and positive offsets, respectively. The right panel shows
r.m.s. scatter in recovered magnitudes for the same galaxies.
bulge fraction.
B.3. Crowding effects
As discussed in the Introduction, one of the principal motivations for the re-derivation of photometric quantities by S11 is
the relatively poor performance of SDSS DR7 photometry in crowded environments. Given this, it is worthwhile to assess the
performance of sextractor and gim2d for galaxies with near neighbors.
As described previously, our simulated galaxy images are injected into the SDSS corrected frames requiring only that the
model center falls on a “sky” pixel (as classified by sextractor); therefore, our simulations include instances where the model
galaxy’s isophotal area overlaps significantly with another photometric object in the image frame. In order to assess the influence
of these near neighbors on the recovered flux, we first find for each simulated image the closest (observed) photometric object
with an extinction-corrected r-band Petrosian magnitude no more than 2.5 magnitudes fainter than the input model galaxy (i.e.,
we require that mr ≤ mr, input + 2.5).
As shown in Figures B1 and B2, the accuracy of gim2d’s flux measurement varies with both apparent magnitude and structure,
and we need to account for these variations in order to assess any residual dependence on near neighbors. Therefore, for each
galaxy we compute the flux offset relative to isolated models—i.e. those with no near neighbors—in a moving window of ∆mr
= 0.25 mag and ∆(B/T )r = 0.2 or ∆n=2 (depending on the underlying model) centered on the galaxy. This “residual” offset can
then be used to assess the effects of crowding independent of the global trends shown in Figures B1 and B2. In Figure B4 we
plot the residual offset measured in this way as a function of projected separation in pixels for both one- and two-component
simulated galaxies. The gim2d fits are extremely well behaved at separations greater than 10 pixels (∼ 4′′), and any residual
dependence of the recovered flux on nearby neighbors is typically < 0.02 mag, i.e. less than the typical photometric uncertainty
quoted in Section B.2. Even in the worse case scenario of fitting a (simulated) single-component model with a bulge+disk profile
at small separations, the ∼0.04 mag offset corresponds to <0.02 dex in terms of the derived mass. While we show results only
for the r band, we have verified that any trends with separation are mirrored by the g-band models, and show no evidence for a
dependence of galaxy color on the presence of near neighbors.
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Figure B2. Same as Figure B1, but for single-component input models. Systematic and statistical uncertainties are shown as a function of input Se´rsic index
and apparent magnitude for the Monte Carlo simulations described in Section B.1. The top and bottom panels show the results of using either a bulge+disk or
Se´rsic model to fit the simulated images as indicated. Left panels show the median systematic offset between the input (simulated) flux and the flux recovered
by gim2d. Tiles are scaled according to the legend on the right, while open and filled squares correspond to negative and positive offsets, respectively. The right
panel shows r.m.s. scatter in recovered magnitudes for the same galaxies.
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Figure B3. Reliability of disk (top panels) and bulge (bottom panels) flux measurements for simulated bulge+disk models. Systematic and statistical uncertainties
are shown as a function of B/T and total apparent magnitude as in Figure B1. Tiles are scaled according to either the median offset between input and recovered
flux (left panels) or the r.m.s. scatter in recovered flux (right panels). Symbols and colors are the same as Figure B1, however note the factor of four increase in
scaling (shown right).
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Figure B4. Recovered r-band flux as a function projected separation to the nearest neighbor. Filled and open circles show the offset in recovered r-band flux
when galaxy models are fitted with either a Se´rsic or bulge+disk profile, respectively, where the width reflects the standard error on the mean. In each case, the
residual flux is computed relative to isolated galaxies with a similar apparent magnitude and structure to account for underlying systematics effects. Left and right
panels show results for single- and two-component simulated galaxies.
